Abstract. DEP domain-containing protein 1B (DEPDC1B) has been reported to serve important functions in breast cancer and non-small cell lung cancer. However, its involvement in the development of prostate cancer (PCa) remains unclear. Therefore, the present study aimed to investigate the expression and clinical significance of DEPDC1B in tumor tissues from patients diagnosed with PCa. A total of 80 prostate tissue samples were collected following prostatectomy to generate a tissue microarray for immunohistochemical analysis of DEPDC1B protein expression. High throughput sequencing of mRNAs from 179 prostate tissue samples, either from patients with PCa or from healthy controls, was included in the Taylor dataset. The expression levels of DEPDC1B in tumor tissues from patients with PCa were revealed to be significantly increased compared with those in normal prostate tissues (P= 0.039). Increased expression of DEPDC1B was significantly associated with advanced clinical stage (P=0.006), advanced T stage (P=0.012) and lymph node metastasis (P=0.004). Kaplan-Meier analysis demonstrated that patients with high levels of DEPDC1B mRNA had significantly shorter biochemical recurrence (BCR)-free survival times.
Introduction
Prostate cancer (PCa) is the most common cancer of the male urogenital system and the second leading cause of cancer-associated mortality in the US (1). In China, the incidence and mortality of PCa have been continually increasing (2) . Although treatment modalities for this cancer have improved, predicting the clinical outcome of PCa remains difficult (3) . Biochemical recurrence (BCR) occurs in ~20% of patients with PCa following radical prostatectomy or radiotherapy (4) . A series of clinical parameters, including serum prostate-specific antigen (PSA) levels, Gleason score and surgical margin status, in various combinations, have been used to predict the outcome for PCa (5, 6) . However, the ability of conventional prognostic factors to identify insignificant PCa may be limited (7) . Therefore, it is important to identify more novel and sensitive PCa molecular markers that are associated with biological aggressiveness and able to provide valuable information for the diagnosis and treatment of the disease.
Located at chromosome 5 (5q12.1), the DEP domaincontaining protein 1B (DEPDC1B) gene encodes a protein containing two structural domains: A DEP domain and a RhoGAP domain (8) (9) (10) . The DEP domain enables the protein to interact with G protein coupled receptors as well as negatively-charged membrane phospholipids, and the RhoGAP domain is responsible for Rho GTPase signaling (9) (10) (11) . The precise function of DEPDC1B is uncharacterized. It has been reported to be associated with regulating cellular activities, including cell growth, movement, differentiation, cell cycle and reorganization of cytoskeleton (10) . Subsequent studies demonstrated that DEPDC1B is also overexpressed in other types of cancer, including breast cancer (12) , oral cancer (13) and non-small cell lung cancer (14) , and is a prognostic factor that predicts outcomes in patients with non-small cell lung cancer (14) . The potential prognostic value of DEPDC1B in patients with PCa remains unknown. Therefore, the present study examined the expression of DEPDC1B in prostate tissues, using immunohistochemistry to explore its clinical significance.
In the present study, DEPDC1B expression in a tissue microarray (TMA) containing 80 samples was examined. In order to investigate the expression of DEPDC1B at the mRNA level and perform survival analysis, the clinical information of the Taylor dataset (15), including 150 prostate cancer tissues and 29 normal prostate tissue, was also collected. The association between the relative expression of DEPDC1B and clinicopathological parameters was examined to evaluate its clinical significance. In addition, the impact of DEPDC1B expression on the biochemical recurrence (BCR) of patients with PCa was assessed.
Materials and methods
Patients and tissue samples. For immunohistochemical analysis, a TMA (n=80; catalog no. PR803c), including 73 tumor tissue samples from patients with PCa, 3 adjacent normal prostate tissue samples from patients with PCa and 4 normal prostate tissue samples from healthy donors, and detailed clinical information were obtained from Alenabio Biotechnology Ltd. (Xi'an, China), a distributor of US Biomax, Inc. (Rockville, MD, USA) in China. Patients who received chemotherapy or radiotherapy prior to surgery were excluded from the present study. In order to investigate the expression of DEPDC1B at the mRNA level and perform survival analysis, the clinical information of the Taylor dataset, including 150 prostate cancer tissue samples and 29 normal prostate tissue samples, was also collected (15). All patients were followed up for 13 months or longer. Detailed information on the clinical features of all patients and healthy controls in the present study is summarized in Table I . All procedures performed in studies involving human patients were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The present study is a retrospective study in accordance with ethics review regulations and was reviewed and approved by the Ethics Committee, Sun Yat-sen Memorial Hospital, Sun Yat-sen University (Guangzhou, China) on December 26th, 2015.
Immunohistochemical analysis (IHC).
The specimens were fixed in 10% neutral buffered formalin at room temperature for 12 h and subsequently embedded in paraffin. The paraffin-embedded tissues were cut into 4 µm sections and then deparaffinized with xylene and rehydrated (100% ethanol twice for 10 min, 95% ethanol for 5 min, 80% ethanol for 5 min and 70% ethanol for 5 min) for blocking of endogenous peroxidase activity, 3,3'-diaminobenzidine (DAB) staining and IHC using the Dako EnVision system (Dako; Agilent Technologies, Inc., Santa Clara, CA, USA Evaluation of immunostaining results. The intensity of immunostaining was scored separately by two independent experienced pathologists, who were blinded to the clinicopathological data and clinical outcomes of the patients. The scores of the two pathologists were compared and any discrepancies were resolved through re-examination of the staining by the two pathologists to achieve a consensus score. The immunolabeling of cancer cells was then evaluated. The number of positive-staining cells in five representative fields at 400-fold were counted under an inverted microscope and the percentage of positive cells was also calculated. According to the antibody specification sheet, cytoplasmic staining was regarded as positive signals. The semi-quantitative scoring of the expression intensity in each sample was performed according to a previous study and was based on the staining intensity and percentage (16) . The staining intensity was visually scored and stratified according to the following criteria: No staining, 0 points; mild staining, 1 point; moderate staining, 2 points and strong staining, 3 points. The score for the percentage of immunoreactive tumor cells was defined as follows: <5%, 0 points; 6-25%, 1 point; 26-50%, 2 points; 51-75%, 3 points and >75%, 4 points. The final immunoreactivity scores (IRS) of each sample was calculated by adding the two scores for the immunostaining intensity and immunostaining percentage. An IRS score <4 was defined as low expression and ≥4 was defined as high expression.
Assays of levels of DEPDC1B mRNA and protein in prostate cell lines. Normal prostate epithelial cell (RWPE1), androgen-dependent prostatic carcinoma cell (LNcap) and androgen-independent prostatic carcinoma cells (DU145 and PC-3) were used in the present study. RWPE1, LNcap, DU145 and PC-3 cell lines were obtained from the Center for Experimental Animals of Sun Yat-Sen University. The cells were maintained in RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum, 1% penicillin and streptomycin (all Invitrogen; Thermo Fisher Scientific, Inc.). The RWPE1 cell line was maintained in complete keratinocyte serum-free medium supplemented with 50 mg/ml bovine pituitary extract and 5 ng/ml epidermal growth factor (all Gibco; Thermo Fisher Scientific, Inc.). All cell lines were cultivated in a humidified incubator at 37˚C with 5% CO 2 . Total RNA was extracted from cultured prostate cells (~5x10 6 cells), including LNcap, DU145, PC3 and RWPE-1. The Invitrogen SuperScript III First-Strand System (Invitrogen; Thermo Fisher Scientific, Inc.) was used for reverse transcription (RT) with random primers [Hexadeoxyribonucleotide mixture; pd (N)6; cat. no. 3801; Takara Biotechnology Co., Ltd., Dalian, China]. Quantitative polymerase chain reaction analysis was performed with SYBR Premix ExTaq (Takara RR820A; Takara Biotechnology Co., Ltd.). Real-time PCR primers were as follows: DEPDC1B forward, 5'-AGC TAC CAG GCT GTG GAA TG-3' and reverse, 5'-AGC TCT TGA AAC GAC AGC GA-3'; GAPDH forward, 5'-TGG TCG TAT TGG GCG CCT GGT-3' and reverse, 5'-TCG CTC CTG GAA GAT GGT GA-3'. Amplification was achieved using the following protocol: 48˚C for 30 min, 95˚C for 1 min followed by 40 cycles at 95˚C for 15 sec, 52˚C for 30 sec and 72˚C for 30 sec. The relative mRNA expression levels of DEPDC1B were normalized to GAPDH mRNA. The results were calculated using the 2 -∆∆Cq method (17) . Cell lysates were prepared and subjected to immunoblot analysis of DEPDC1B protein. Cells ( ~1x10 7 ) were washed twice with ice-cold PBS, lysed with RIPA Lysis Buffer (no. P0013B; Beyotime Institute of Biotechnology, Haimen, China) and complete protease inhibitor cocktail (no. B14001a; Selleck, Shanghai, China) on ice for 30 min and then cleared by centrifugation at 9,500 x g at 4˚C for another 30 min. The total protein concentration in the extracts were evaluated utilizing a BCA protein assay kit (Beyotime Institute of Biotechnology). Equal amounts (30 µg) of protein were separated by SDS-PAGE and transferred to a polyvinylidene fluoride membrane (EMD Millipore, Billerica, MA, USA). The membranes were blocked with 5% bovine serum albumin or non-fat dry milk in TBST at room temperature for 1 h and then probed with antibodies against DEPDC1B (no. bs-14278R; 1:1,000; BIOSS) and GAPDH (no. 2118; 1:20,000; Cell Signaling Technology, Inc.). The relative protein intensities of DEPDC1B to loading control GAPDH were quantified using Image J software (v2.1.4.7; National Institutes of Health, Bethesda, MD, USA).
Statistical analysis. SPSS 22.0 software (IBM SPSS, Armonk, NY, USA) was used for Statistical analysis. Data are presented as the mean ± standard deviation. All of the P-values were two-sided and P<0.05 was considered to indicate a statistically significant difference. Pearson's χ 2 test and Fisher's exact test were used to analyze the association of DEPDC1B expression with clinicopathological characteristics. Overall survival time and BCR survival time were analyzed using the Kaplan-Meier method, and differences were assessed using the log-rank test. Receiver operating characteristic curves (ROC) revealed that the cut off of DEPDC1B mRNA levels was 6.193 and the area under the ROC was 0.732 (P<0.001). A DEPDC1B mRNA level ≥6.193 was defined as high expression and <6.193 was defined as low expression. Univariate analysis comparisons and multivariate survival comparisons were performed using Cox proportional hazard regression models. The relative risks of mortality were expressed as adjusted hazard ratios (HRs) and their corresponding 95% confidence intervals (CIs). P<0.05 was considered to indicate a statistically significant difference.
Results

DEPDC1B protein is upregulated in tumor tissues of patients
with PCa. The expression of DEPDC1B protein was detected in the TMA by IHC (Table I ). There were 80 samples in total, and 2 samples of prostatic sarcomas and 2 lost samples were not included in the analyses. There was strong expression of DEPDC1B in the cytoplasm of cancer cells from tumor tissues, but weak expression in luminal epithelial cells of adjacent normal prostate tissues from patients with PCa and normal prostate tissues from healthy donors (Fig. 1) . Of the 69 tumor tissue samples, 17 (24.6%) demonstrated low levels, while 52 (75.4%) high levels of DEPDC1B. Furthermore, the expression levels of DEPDC1B in tumor tissues were significantly increased compared with normal prostate tissues (4.78±1.47 and 3.33±0.51, respectively; P=0.039; Fig. 1) .
Immunostaining results were analyzed using the limited clinical information of the TMA. The results revealed that the overexpression of DEPDC1B protein was significantly associated with advanced clinical stage (P=0.006; Table I ), advanced T stage (P=0.012; Table I ) and lymph node metastasis (P=0.004; Table I ). However, high levels of DEPDC1B were not associated with age, pathological grade and distant metastasis (P>0.05; Table I ). Table I ) and high rate of biochemical recurrence (P<0.001; Table I ).
DEPDC1B serves as an independent prognostic factor for the survival time of patients with PCa. The association of DEPDC1B expression with the survival time of patients with PCa was analyzed by Kaplan-Meier plots and the Taylor dataset. The BCR-free survival times of patients with PCa with high levels of DEPDC1B mRNA expression were significantly shorter compared with those with low levels of DEPDC1B mRNA expression (P=0.001), although no significant difference in their overall survival rate was observed (P=0.392; Fig. 2) . As the present data indicated a mortality rate of <50%, it was not possible to calculate median survival time. In addition, univariate analysis revealed that expression levels of DEPDC1B mRNA were significant prognostic factors for BCR-free survival times of patients with PCa (HR, 5.503; 95% CI, 1.687-17.952; P=0.005; Table II ). Multivariate analysis using Cox proportional hazards model revealed that high levels of DEPDC1B mRNA expression were significant independent prognostic factors for patients with PCa (HR, 4.285; 95% CI 1.257-14.609; P=0.020; Table II ). However, PSA is not cancer-specific, and as a biomarker has caused over-diagnosis (18) . PSA demonstrated no statistical significance in Cox model analysis (Table II) . Since the Taylor dataset used in the present study contained no information associated with the PSA free/total (F/T) ratio, it was not possible to explore the potential of the PSA F/T ratio for prognosis prediction.
DEPDC1B protein and mRNA levels are not consistent in cultured cells. It would be ideal to obtain data about the expression levels of mRNA and protein in all patient tissue samples. However, such datasets were unavailable. Therefore, the expression levels of prostate cell lines were examined. The PCa DU145 and LNCap cell lines had higher DEPDC1B mRNA levels, while PC3 had lower DEPDC1B mRNA levels, compared with the normal prostate RWPE-1 cell line (Fig. 3A) . In contrast, protein levels of all three PCa cell lines were lower than those in RWPE-1 cells (Fig. 3B and C) . Thus, the results from cultured cells were unable to reflect the expression levels of DEPDC1B in tissue samples of patients with PCa.
Discussion
Patients may have different clinical courses with similar clinicopathological characteristics when being treated with the same therapy, indicating that the value of current diagnostic markers is limited. Thus, it is important to identify novel Table I . Associations between DEPDC1B expression and clinicopathological characteristics of patients with prostate cancer in the TMA and Taylor database. biomarkers for the treatment of patients with PCa, as such markers may help to establish personalized treatment for each individual patient.
TMA Taylor -------------------------------------------------------------------------------------------------------------------------------------------------------------------------
To the best of our knowledge, the present study is the first to investigate the association between DEPDC1B levels and clinical features of patients with PCa. Three main results were obtained by the present study. First, IHC was used to detect DEPDC1B protein levels in prostate tissues from patients with PCa, and DEPDC1B protein levels were revealed to be higher in prostate cancer tissues compared with their adjacent non-cancerous or normal tissues. Second, to the best of our knowledge, the present study was the first to describe a significant association between DEPDC1B levels and Gleason score, clinical or pathological stage, lymph node metastasis and distant metastasis of patients with PCa. Third, DEPDC1B mRNA levels were demonstrated to be significantly associated with the BCR-free survival time of patients with PCa. Kaplan-Meier analyses revealed that overexpression of DEPDC1B mRNA was associated with a significantly shorter BCR-free survival time, indicating that high levels of DEPDC1B mRNA are biomarkers for short BCR-free survival times of patients with PCa. Multivariate analysis revealed that upregulation of DEPDC1B mRNA was a predictor of shorter BCR-free survival time independent from Gleason score. The results from the present study suggested that DEPDC1B may be involved in the aggressiveness of PCa, and may provide useful information to help clinicians establish personalized treatment regimens for patients.
Previous expression profiling of DEPDC1B mRNA in MDA-MB 231 human breast cancer cells revealed an association with a reduction in cell death and an increase in cell proliferation (12) . DEPDC1B was also overexpressed in patients with oral cancer, and promoted cell migration and induced cell invasion in oral cancer cell lines (13) . In addition, high levels of DEPDC1B expression contributed to metastasis-associated malignant phenotypes in non-small cell lung cancer (14) . Although high levels of DEPDC1B expression were demonstrated in those types of cancer, it is not possible to consider them as independent prognostic factors. The present study demonstrated that DEPDC1B may be a good marker for the diagnosis or prognosis of PCa. The high expression of DEPDC1B in 75.4% of prostate tissues from patients with PCa and little or no expression in normal prostate tissues suggested that an anti-DEPDC1B therapy would have minimal toxicity to normal prostate cells; and DEPDC1B expression levels demonstrated a significant Figure 2 . Kaplan-Meier survival curves assessing (A) overall survival times and (B) BCR-free survival times of patients with prostate cancer with high and low levels of DEPDC1B expression. Patients with high levels of DEPDC1B mRNA (n=97) demonstrated significantly shorter BCR-free survivals than those with low levels (n= 43; P= 0.001), however, the overall survival times between high and low levels of DEPDC1B had no significant difference (P= 0.392). BCR, biochemical recurrence; DEPDC1B, DEP domain-containing protein 1B. Table II . Prognostic value of DEPDC1B expression for BCR-free survival, assessed by Cox proportional hazards model. association with BCR-free survival times of patients with PCa.
BCR-free survival ------------------------------------------------------------------------------------------------------------
Despite the present understanding of the oncogenic function of DEPDC1B in prostate progression, it remains to be clarified how DEPDC1B, either directly or indirectly, affects the prognosis of patients with PCa. DEPDC1B protein contains DEP and RhoGAP conserved domains, which are involved in Rho GTPase signaling (19) . Rho GTPases are best known for their regulation of cytoskeletal dynamics (20, 21) . As major components of Rho GTPase signaling, Rho GTPase proteins, including ras homolog family member A (RHOA), ras-related C3 botulinum toxin substrate 1 (RAC1) and cell division cycle 42 (CDC42) are primarily activated by guanine nucleotide exchange factors (GEFs) and inactivated by GTPase-activating proteins (22) (23) (24) . RAC1 and CDC42 regulate the formation of lamellipodia and filopodia, respectively, and promote protrusive activities; whereas RHOA regulates the formation of stress fibers and contractile rings (25) . The stress fibers and the contractile rings are formed by actomyosin bundles with antiparallel actin filaments cross-linked by myosin (23) . RHOA regulates these structures through the stimulation of actin polymerization and activation of myosin (26) . Exogenous expression of DEPDC1B suppressed RAC1 activation, but did not markedly affect the activation of RHOA or CDC42 (27) . Previous data indicated that actin is involved in the early stages of autophagosome formation (28, 29) . In addition, RHOA and RAC1 were demonstrated to be involved in starvation-mediated autophagy, but serve opposite functions (30) . Notably, autophagy marker LC3 binds to SOS Ras/Rac guanine nucleotide exchange factor 1 (SOS1), a GEF for RAC1, and inhibits the GEF activity of SOS1 to block RAC1 activation (31) . Taken together, signals involved in the autophagic pathway and the RAC signaling pathway are mutually regulated (27) . Therefore, it was suggested that different levels of DEPDC1B may affect the prognosis of patients with PCa through regulation of autophagy.
At present, due to the effect of patient age, prostate tumor size or other prostatic tissues in patients with PCa, the value of PSA as a general biomarker is judged with skepticism (32, 33) . The Gleason score has been demonstrated to be one of the reliable parameters for prediction of PCa progression (34) . The present study demonstrated that levels of DEPDC1B expression may serve as an indicator for PCa BCR-free survival time, independent from Gleason scores. Additional tests concerning DEPDC1B may result in improved PCa treatment if it is able to distinguish patients who require additional treatment from those who only require monitoring. However, whether the assay is reproducible in other patients remains unknown. Since the data associated with protein and mRNA expression in the TMA and Taylor datasets was not matched, whether DEPDC1B protein is a prognosis marker remains inconclusive. Notably, PCa cell lines had lower DEPDC1B protein levels compared with the normal prostate cell line. It is possible that an unknown factor was suppressed in the tumor tissues but activated to a greater degree in cancer cell lines compared with the normal cell line. High levels of mRNA resulted in high levels of protein in tumor tissue samples, as expected. However, the unknown factor may have been more activated in PCa cell lines compared with the normal cell line, leading to faster degradation of the DEPDC1B protein and relatively lower levels of DEPDC1B protein in PCa cell lines compared with the normal cell line. Our future study will investigate this unknown factor. In addition, the data from the present study were unable to support the conclusion that the expression of DEPDC1B was a direct or indirect target of overall survival time. Larger cohorts and multicenter studies with profiles of protein and mRNA expression may demonstrate the significance and reliability of such a biomarker more effectively, and additional studies are required to decipher the mechanism by which DEPDC1B impacts survival time.
In conclusion, the present study offered convincing evidence for the first time that DEPDC1B protein was upregulated in tumor tissues. DEPDC1B mRNA was an independent prognostic factor for BCR-free survival time in patients with PCa. Overexpression of DEPDC1B was associated with Gleason score, clinical or pathological stage, lymph node metastasis and distant metastasis. The present study provided additional understanding of the mechanisms underlying PCa, which may be helpful for the development of an effective therapeutic treatment. 
